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Speciffc free-to-trim t ee t s  were made on a =-size model of a 1 

a t r e d h e  fuaelage modified by patterns of air Je ts  or  strips m the 
fuselage bottom. The effecte of -tag of je ts ,  length of j e t  rom, 
and direction of Jete were determined f o r  a simulated chine  configuration. 
Tests were a l s o  made of a simulated mult iple-s tep  cdiguratfan.  The 
effect  of air f l o w  an both the chine and 8k-p configuratians m e  studied. 
Ih additian, the  effect  of 8UbstitUting narrow breaker strips for the 
rows of Jete in t he  chine configuration and in three multiple-step cm- 
f i w a t i m s  Was fnveBtig8ted. 

Data  =e presented an resietance, trim, effective hydrodynamic lift, 
and spray. The reeietance wae reduced by decreaelng the jet spacing, 
increasing the langth of rowa of jete,  and increaeing the air f l o w .  Ln 
the chlne  configuration, the e t r lps  e v e  about the aame results as 
the  q-inch-spaced  jets. Strips in t he  farm of multfple V-steps pointed 
forward &am the highest resistance and strips Fn the form of multfple 
V-eteps pointed aft reeulted in the lowest reeia.t;rtnce of all the j e t  and 
strip configuratime  tested. 

1 

When a fuelage having a circular or oval cm8e section m e 8  almg 
a water eurf'me at high epeede, the water flowing up around the cmmx 
bottom and aides of the fueelaga createe a suction force which keeps the 

" h u l l  low in the water and caw88 a Large bydrodymmlc resistance which . Increases  rapfdly with speed. Reeults reparted in reference 1 ahowed 
that the very high hydrodynamic resietance wa8 great ly  reduced when air 
was ejected at hi@ velocity through fLne jets - i n  the  fueelage bottom. 
In that investigation VLtriou~ patterns of je ts   SfmifRtbg chinee and 
multiple steps vere explored.. 

t 
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In the present  investigation, the effects of epacfng of jete,  length 
of J e t  rows, directlau of jets, and amount of air flow cp1 the hydro- 
dynamic characteristics were determFned f o r  one of the better  chine con- 
figuraticpls of reference 1. Jets in the form of V-etepe pointed forward 
were a lao  Investigated f o r  a closer Jet spacing than that wed In 
reference 1. The effects of substituting m o v  breaker atrips for the 
r o w  of Je t s  i n  the chine configuration and for the r o w  of je te  in the 
th ree  multiple-step  configurations  reported in reference 1 were a l s o  
inveetigated. 

DESCRIPTIOm OF MODEL 

The model was a 12-8ize model of the streamline  fuaelage of a hypo- 1 

t h e t i c a l   t r m o n i c  airplane (Bee f igs .  1 and 2)  and W ~ B  the aam model 
described in reference 1, The center of gravity waa located 0.43 inch 
below the center line a t  statim 21.22. (Distencee from the nose 
masured along the center line are designated as  statione.) The length 
of the model waa 42.22 inches and the mpt~irmrm diameter YBS 5 inches. 

Stafnbse-steel t ~ e e  of 0.026-inch inside diameter and spaced 
1/4 inch apart were inserted into the bottam of the model in rows 
8imUlatFng chine6 aa &own in  figures 1 and 2(a). Two sets of tubes 
=re inserted; one in which the tubes were perpendicular t o  the center 
line and m e  in wbich they were elanted aft at rm angle of 45O. A plan 
view of these simulated chine  configuratirmrr is Shown in figure 2(a). 
Additional row of perpendicular j e t a  w ~ r e  lxmwted t o  form the pattern 
simulating the multiple atepa shown in figure 2(b). These j e t e  -re 
alao epaced 1/4 lnch apart 

The baaic model wa8 a l a 0  modified by =-inch wide strips of tri- 
angilar cross aec t im arranged in all the patterns shown in figure 2. 
The s i z e  of the st r ipe  re la t ive to the d e l  i s  ahown in figure 3 .  

1 

Two types of ertrips were arranged in each multiple-step pattern. 
m e  tme, the forward side of the  e t r ip  w&8 perpendicular t o  the 

surface of the fueeletge with the hypotenwe of the cross eectian forming 
the after side; In the other type, these  conditima welze reversed. 

Figure 2 ahows the multiple-step  c’tmfigurationa arranged a8 
e i&t  V-steps  pointed forwaxd, as  eight V-etepe pointed aft, and as 
nine trazlEveree d e p a  having no V-angle. 
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The t e s t e  were conducted in L-ey tank no. 2. The model WM 

arranged an the etaff  of the , t o m  gem as ahown in figure 4 The model 
w m  supported gt the center of gravity and towed. free to rise and free t o  
trim betwean 0 8nd 20’. A daehpot wae used t o  d a q  out  oecillatiane in 
trim. The load m the water wae W i e d  vith epeed assm3ng a conatant 
aerodynamic l i f t  coefficient for a hypothetical Xing. Measwemente were 
taken of resistance, trim, and rfee at canstant speed8 up t o  60 feet   per 
eecond. The effective hydro-c l i f t  wae calculated by subtracting 
from the load cm the water the static buoyancy carreepmdfng t o  the 
immersed v o l w  of t h e  d e l  a t   r e s t  for the trim and r i ee  measured when 
up t o  speed. No &ita are preeanted between 60 feet per e e c d  and the 
aesumed take-off wed of 70 feet per eecmd, because at  them speed8 
practically all of the model w a s  out  of the water and alight vazlatfane 
in wetted surface caused the readi143s to  became er ra t ic .  

The average Etir flow per j e t  for the jet   caufiguratian was 
11 x pound6 per secand (0.055 Ib/sec, full-size) except when 
varied for a f e w  repmeentatlve speed6 t o  determine the effect  of  air 
flow on resistence. The full-ecale air flow waa computed by dimensionally 
scaling up the model air flow -8- tha t  a31 forces varied in the s a w  
my as the gravitatianal f mces 

Ths jete  perpandiculas to the center line and arranged in r m  8imu- 
l a t h g  chine8 ertendfng Wan e.tatian Lo t o  the aft end of the model, m r e  
tested with jet spac- of 2 inches, 1 inch, 1/2 inch, and 1/4 inch. 
The x-Inch-spaced j e te  were  also teated for three other lengths e- 
f’ran the after end of the fuselage forward t o  e t a t i am 18, 26, and 34 
The Jete slanted aft and arranged In row8 8i.~nulating chines and the r o w s  
of j e t s  simulating multiple steps were teeted #ith the x-lnch spacing. 

l 

1 

Basic or Thmodlfied M o d e l  

The resistance, trim, and effective -c l i f t  of the basic 
or unmodified model are  ahown in figure 5 .  (See reference I * )  The 
resistance increaeed rapidly t o  19.5 pounds at  40 f ee t  per eeccmd wfth 
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no indicatian of m y  reductim in the rate of increaee. The trim quickly 
rose   to  18.6' a t  17 feet per second and then remained aga.inet the trim 
stope  (set  a t  20') f r c m ~  25 f e e t  per e e c d  up. The effective hydro- 
dymnic lift was very low. The low l i f t  and the high trim are sn Fndi- 
c a t i m  of the E- suctian fo rme  actlng an the unmodified fuselage. 

Effect of Jet  SpacLng 

The ef fec t  of Jet  spaclng on reefstance, trfm, and lift are ehow fn 
figure 6 .  The resfstance and triza decreased ae the Je t  spaclng was 
decreased  but =re alwaye caneiderably l e se  than f o r  the bmic  model. 
The l i f t  was practically  the same for all spacinge except at 15 and 22 f e e t  
per secand. 

The lower trim obtained for the more cloeely spaced jets Fndicate 
that they  reduced the auction forces more than the   j e t s  spaced further 
apart. The preeence of ~ o m e  Buctim force far all Je t  spacings was 
ehown by the model m a i n t a w  a trfm of at leaat 6 O  at  the higher  speeds 
even though the  canter of gravity was f o m d  of the vetted  area. 

The photographs Fn figure 7 show the may cha;racterietice of 
the  2-inch epacing and the F-inch spaoing at 35 feet per second. A t  

this speed the trim for the 2- inch epaclng w a ~ f  about 2' higher  than for 
the F-inch spacing. The spray hefght was about the same for both,  but 
the density of the e p a y  xae less for the x-inch ~pacfng. The directIan 
of the swag a t   t h e  side of t h e  model m e  mre nearly ver t ica l  for 

the 2-inch spacing than for the r-.lnch epacing. The j e t s  caused the 
spray to  separate fram the  fuselage and the '-inch-spaCed j e t s  were 

apparently more effective fn this respect than the 2-inch-spaced j e t s .  

1 

1 

1 

1 

r; 

Effect of Length of Jet Rows 

Results of t e s t e  t o  determine the ef fec t  of v w  the length of 
the rows of  j e t e  simulating chinea are glven Fn flgure 8.  The resistance 
was decreased with a n  increase in length of the ' je t  rows. Be,cawe the 
CUI'ves f OT the 24- and 32-lnch lagkh8 practically  the no 
further reduction in realstance could be expected if the r o w  of j e t s  
were extended t o  the nose of the fuselage. The crmiseion of the forward 
portion of the simulated  chines, however, permitted the water t o  run up 
over that part of  the fueelage at low speeds. 
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The trfm and lift for the 16-, 24-, and 32-inch lengths were 
p rac t i cd ly  the saw. The r e e f s t m e  for the l6-inch Langth, however, 
wa~ greater thm far the other two.. 

The difference in apray chetracterietice between the  %inch length 
and 32-inch length i e  ehm in figure 9. The spray fo r  the 8-inch  length 
was heavier than that for the 32-ln.ch length. The mow in t h e  photograph 
of t h e  8-inch length p i n t a   t o   e t a t i a n  34 at which a apume of spray came 
off t h e  forvard Jet .  The water forward of th ia  etatian c m  be aeen 
running up the aide of the model w i t h  acme of the water going mer the 
top; the spray aFt of s ta t ion 34 alaste  back in a more nearly horizmtal  
direction. For the 32-inch langth, the spray broke f’rm the d e l  dcmg 
the entire wetted length and the top of the model w a ~  free of water. 

The effect  on resietance, trim, and liPt of s u b s t i t u t u  chlne  jete 
slanted back at an angle of 45O t o  the center line for je t0  normal to 
the center line ia ahown in ffgure 10. The Bubatftutim of slanted  jets 
for j e t s  perpendicular to the center line had little e f l ec t  COI reeletance 
or lift but  increased  the trfm mer most of the meed range. The 
horizontal  thruet campanent of the slanted jete, meamred at reat with E 
load on the water of 7.6 pomde, waa about 0.1 pound. 

The photographs in figure 1l compare the spray pattern of the 
elmted j e t e  with that of the ILormal jets in the chine ccmfiguratian. 
The upper m a c e  and the stern of the model w l t h  the elanted  jete w a ~  
cmpletely free aP water aa shown in figure l l ( c ) .  The may charac- 
t e r i s t i c s  of the model with the jets perpendicular to the center line 
were similar. 

Effect of Air FLOW 

The curve8 in figure 12 show ths effect of air flow m resistance 
at three representative speeds for each of t h ree  different canflguratians. 
The Jet  spacing f o r  all three cmffguratiana ya8 1/4 inch and the number 
of j e t e  in each was approximately the same. 

The variatiau in resistance with air flow at each speed waa 
approximately the same for all three ccmfiguratiane. The very high 
resistance at ertremely low air flow6 &owe that merely ventlng the 
bottom of the fieel- thro- the  jete would have had l i t t l e  effect 
on the resistance. As t h e  average air flow per jet waa increaeed, 
the  resistance WEB reduced at a decreasing rate until at  flare greater 
than 11 X 10-5  pound^ per second the reefstance remained practically 
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conetant . . ~ n  average afr f l o w  per   Jet  of u X 10-5 pounds per e e c d  
through the rows of z-inch-spaced j e t e  would amount to  R t o t a l  of 
about 14 pounds per second in the full-eize hypothetical ai rp lane 
(neglecting  scale  effect}. 

1 

Comparison of Rowe of Jets and Stripe  Simulating Chinee 

The 8tripfl ( l e e s  than 2 percent of the maxhnm f'welage  diameter) 
like the Jete were intended &B spoilere t o  cauee eeparation. A camparism 
between the result8 fo r  rowe of jete  simulating chinee end the reeul te  
for s t r i p s  placed at the 8ame location ae the r o w s  of Je t s  is  given in 
figure 1 3 .  The trim, resietance, and lift curve8 for  t h e  two modiff- 
catians were prac t icd ly   the  eame. The etrfpe d s o  gave reeul t s  Sub- 
atant ia l ly   the same a8 the Jete for other chine l angths .  Figure 14 
Bhowe that the epray off the s t r ipe  wae much cleener and did not rise af~ 
high as that for the  je ts .  

Compariean of R a r e  of Je t8  and Strfps  Simulating Multiple  Steps 

In contrast   to  the reeulte  obtained when etr ipe were subetituted for 
rowe of j e t e  simulating chfnee  there wae no correlation between the 
result8 obtained when a t r ips  were substi tuted  for row6 of j e t e  eimu- 
lat ing  ateps . Ae Shown in figure 15, the  reeietance and trim for the 
s t r ipe  with V-step8  pointed forward were  very much higher th8n 
for  5-inch-spaced  jete i n  the e m  canfiguration; they were  even higher 

than for the  ba8ic d e l .  This Jet canfiguration was the  beet of the 
three jet configurations  eimulftting  multiple  stepe  reported In reference 1. 

1 

Figure 16 show the  reeulte  obtained xfth etr ipe arranged in all 
t h ree  of the multiple-step configurations deecribed in reference 1. The 
forward efde of each individual e t r i p  ie the  hypotanwe of the 45' right 
triangle forming i t 8  croes  eecticm. The very high resietance for the 
V-step8  pointed forwmd.wa8 got obtained bTith..the other two s tep CQR- 
figuratiane. The max3m.m resietance for the V-atepa point& aft was 
about 2.5 pound8 at. 15 feet per eecond and the reeietaace  never 
exceeded 2 powde a t  the higher speeds. This configuration me a 
coneiderable improvement over  the  stripe  aimulatfng chlfiea for which 
the maximum resistance wae about 4 pounds at 50 feet per eecand. No 
readin- for the transverse  atepa were taken at  speeds above 40 feet 
per eecond becauee the model became unetable. 

The tr im for the V-etepe pointed aft reached a mxinnnn of about 8' 
and dropped rapidly above 25 feet per 8 e c . d  reaching: a minimum of 
about 1' a t  55 f e e t  per second. The trim track for the tranmeree 
e t r ips  was eimilar. 



. 

Whan the hypotenuse formed the a f t e r  side of each etrip and the 
forward side waa perpendicular t o  the fuselage bottom, the resul te  
obtained were nearly the eane ae a h o w  in figure 16 although the 
reeietance was general lg slightly h i e e r .  

Results  reported in rderence  1 ahowed elmilas. hy&odpmlc charac- 
t e r i s t i c s  emmg the three multiple-step  conf'iguratians when j e t s  were 
wed. When strips were eubetituted for j e t s  in these multiple-etep 
configuratims  the V-steps pointed forwsrd gam remilt8 entirely different, 
frm the other two. It appear8 that the effect  of atripe an the hydro- 
dynamic characteristics of the fuselage w 8 ~  more dependent on the con- 
figuraticm used than xae the  effect  of Jets. 

The resul ts  of model t e s t s   t o  determine the efYect of various Je t  
and s t r i p  modificatiane on the hydrodynamic chmacterist ice of a stzeam- 
1h.e fuselage indicate  the following canclusians: 

3 .  As the average air flow per Jet  m e  increaeed, the resistance 
wae reduced at a decreasing rate until at  f l m ~  greater than 
11 x 10-5 pounde per s e c d  the reelstance rFrmft.fslFd p r a c t t c u  constant. 

4. Ln the chlne  ccmf'iguratfm,  etrips protruding less than 2 percent 
of the maximum -el- diameter gave about the same reeietance and t r i m  
as rows of --inch-apa,ced jets,  but the epray ch&ra,cteristics for the 

strips were better. 

1 
4 
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5 .  With eimilar ~l tr ipa  arranged as V-eteps pointed forward, the 
resistance and t r i m  were very h f a .  For V-etepe pointed aft, the 
reeietance and trim were coneiderably lower than for ei ther   s t r ipe br 
jetfl in the chine c d l g u r a t l a n ;  

Langley Aercraautical Laboratory 
Ifatioaal Advisory Canrmittee f o r  Aeranautice 

Laslgley Air Force Base, Va. 

HEFERENCE 
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( b )  MutfiPte sfep configuration, V's  pointed forward. 

Figure 2.- Bottom vlem of model showing location of chines and multiple steps. 
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Figure 3.- Size of strips relative to model. - 
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Figure 4.- Model mounted for testing. 
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Figure 6.- Effect of Jet spacing; chinss 32 inches long; j e t 8  n o m 1  to 
center line. - 
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(a) 2--inch-~paced jeta;  trim, 8.0 0 . 

(b) -- €nch+paced Jets; trim, 6 .3  . 1 0 
4 

Figure 7.- Effect of j e t  epacing at 35 feet p r  second; 32"inch chines; 
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(a) &Inch long chines; etation 34 to 42; trim, loo 

(b) 32”inch lang chfnea; etatian 10 to 42; trim, 6.3O. 
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Figure 10.- Ccmpwi-rean of slanted and straight Jete; "-1nch-epaced Jets; 1 
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(a) NO& j e t s ;  trim, 6.3O. 

(b) Slanted jeta; trim, 7.9O. 

( c )  Slanted je ts ;  trim, 7.9'. 

Figure 11.- Jet8 ewced L-inch apart; statim 10 to 42; 35 feet 4 - . per second. 
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Figure 12.- Effect of quantity of air flow. - 
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(a) -- insh-spced 3 t a ;  trim, 6 . 3 O .  1 
4 

(b) Strips; trim, 6.c. 

Figure 14.- Cannpa;risan of jete and s t r ipe at 35 feet per eecond; e i ~ ~ i l a t e d  
chime;  station IO t o  42. - 
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Figure 16.- C m H s o n  of e t r i  8 simulating multiple steps. & 
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